about the precise number and nature of these enzymes, it is known that S. mnuitans and other oral streptococci commonly contain more than one GTF, and these have generally been found to have molecular weights of the order of 150,000 (reviewed in references 4 and 14) . An exception is the GTF-A of S. muitans, with a molecular weight of 55,000. This enzyme was first described by Robeson et al. (19) after its expression from a recombinant plasmid in Escherichia coli. Subsequently, the gtJA gene was cloned and expressed from a variety of other host-vector systems (1, 2, 17, 18, 20) . The function of GTF-A in S. mnuttants, and its relationship with the other high-molecular-weight GTFs is unknown. In this study, we determined the nucleotide sequence of the gtfA gene from S. mutans Ingbritt, originally isolated from a recombinant gene bank constructed in bacteriophage lambda (20) .
MATERIALS AND METHODS Bacteria and media. E. c oli JM109 was the recipient used in all transfection experiments with bacteriophage M13 derivatives and transformation experiments with plasmid pUC18 derivatives (24). The growth medium used in all experiments was 2 x YT broth (15) . Soft agar overlays consisted of 2 x YT broth supplemented with final concentrations of 0.75% agar, 0.33 mM isopropyl-p3-D-thiogalactopyranoside, and 0.22% 5-bromo-4-chloro-3-indolyl-f-D-galactopyranoside when differentiating between recombinant and nonrecombinant phage.
Enzymes and chemicals. Restriction enzymes, T4 DNA ligase, the Klenow fragment of DNA polymerase, and the M13 15-base-pair primer were purchased from Bethesda Research Laboratories, Inc., Gaithersburg, Md., and used as specified by the manufacturer. Deoxy-and dideoxynucleotide triphosphates were purchased from P-L Bioche- 
RESULTS
Subcloning of the gtfA gene. The gtfA gene of S. mutans was previously cloned in bacteriophage lambda L47.1 (20) and was subcloned as a 2.4-kilobase EcoRI fragment into plasmid pUC19. Detection of E. coli containing the gtfA subclone was made possible by growth on minimal medium with sucrose as the sole carbon source. Since the E. coli strains containing the gtfA gene in either orientation in pUC19 grew in this medium, the fragment containing gtfA most likely contained its own transcription and translation signals. A physical map of the 2.4-kilobase EcoRI fragment containing gtfA is presented in Fig. 1 .
Nucleotide sequence. The nucleotide sequence of the 2,379-base-pair fragment containing the gtfA gene was determined by the dideoxy-chain termination method of Sanger et al. (21) and is shown in Fig. 2. An open reading frame which starts at the ATG codon at nucleotide 821 and extends to the TAA termination codon at nucleotide 2264 specifies a protein of 481 amino acids with a molecular weight of 55,665. A putative ribosome-binding site sequence (AGAGGA) is located 6 nucleotides upstream of the translation initiation codon. Further upstream is a probable -10 region (TA-TAAA) separated by 16 nucleotides from a possible -35 region (CTGTTA).
Immediately following the gtfA termination codon are another possible ribosome-binding site sequence and a translation initiation codon for another protein. This sequence appears to be under transcriptional control of the gtfA gene and may be the beginning of the sequence coding for a 38-kilodalton protein identified by Burne et al. (2) to follow the gtfA gene immediately. Upstream of the gtfA gene is a portion of another reading frame which specifies a partial protein of 207 amino acids.
Amino acid sequence. The deduced amino acid sequence of GTF-A in the N-terminal region did not contain a sequence comparable to the signal peptides found in other secreted proteins (16) . N-terminal amino acid analysis of purified GTF-A revealed the first 19 amino acids to be Pro-IleThr-Asn-Lys-Thr-Met-Leu-Ile-Thr-Tyr-Ala-Asp-Ser-Leu-GlyLys-Asn-Leu. This sequence is identical to that deduced from the nucleotide sequence, except for the N-terminal methionine, which was apparently removed by an aminopeptidase. The deduced amino acid composition of GTF-A consisted of 39% nonpolar, 31% polar, 16% acidic, and 13% basic amino acids (Table 1) . A single cysteine residue is present in GTF-A, though there is no evidence that it is important for its activity, since it was not inhibited by the sulfhydryl inhibitors 5,5-dithiobis(2-nitrobenzoic acid) and parahydroxymercaribenzoate. A comparison of the GTF-A sequence with previously described GTF-I (9) and GTF-B (22) sequences by the PRTALN program of Wilbur and Lipman (23) showed no homology with either protein.
DISCUSSION
The gtfA gene and product described in this study appear to be identical to those previously described by Robeson et (7) . The deduced amino acid sequence of GTF-A has a molecular weight of 55,665, in close agreement with previous estimates (1, 17, 19, 20) . In S. mutans, GTF-A has been reported to be primarily cell associated (19) , though it can also be detected in culture supernatants by rocket immunoelectrophoresis or Western blotting (immunoblotting) (19, 20) . Robeson et al. estimated that 15% of the total GTF-A activity was extracellular, whereas a further 5% could be recovered from the cell surface by washing with 1 M NaCl. Pucci and Macrina (17) introduced gtfA on a shuttle vector into S. sanguis and found a change in extracellular polymer synthesis, suggesting that the enzyme was also secreted in S. sanguis. No such secretion, however, was found when gtfA was expressed in Bacillus subtilis (1) . When expressed in E. coli, a proportion of the enzyme is secreted through the cytoplasmic membrane into the periplasmic space (5, 19) , but the mechanism by which this takes place is unknown-no difference in molecular weight between the intracellular and periplasmic forms was observed (6). This observation is consistent with our failure to detect a region of the gtfA gene which might code for a sequence of amino acids resembling that found in typical procaryotic signal peptides. Other streptococcal extracellular proteins, including GTF (9, 22) , have been found to be synthesized with signal peptides which are cleaved during the secretion process.
Previous investigators have established that regions of DNA adjacent to gtfA encode proteins (2, 18 The overall amino acid composition and sequence of GTF-A are quite different from those of either GTF-B or GTF-I, GTFs that produce insoluble extracellular glucans, and preclude the possibility that GTF-A is a partially duplicated or truncated form of either of these GTFs. Interestingly, GTF-A contains a single cysteine residue, though its role, if any, in enzyme activity has not been defined. Martin et al. (13) have noted that there is a highly conserved amino acid sequence around a single cysteine residue in three other enzymes concerned with the metabolism of sucrose or sucrose-derived polymers (B. subtilis levanase and sucrase and Saccharomyces cerevisiae invertase), but there is no similarity between this sequence and that of GTF-A. A truncated derivative of gtfA (obtained by Bal31 digestion) missing the coding region for the C-terminal 20 amino acids produces a protein unable to synthesize glucan; thus, the missing region appears to be essential for glucan synthesis activity.
The role of GTF-A in cell physiology remains unknown. However, in view of the data on the intracellular location of GTFA and its lack of similarity to other known GTFs, it seems likely that it is involved in some metabolic pathway distinct from extracellular polysaccharide synthesis.
